Excitatory afferent modulation of complex spike synchrony.
Inferior olivary neurons receive extensive glutamatergic and GABAergic innervation. Yet, because of the membrane properties of olivary neurons these neurotransmitters can produce only small changes in the firing rates of these cells. Moreover, olivary neurons can generate spontaneous spike activity in the absence of excitatory glutamatergic input. These facts suggest that glutamate and GABA have additional roles within the olivocerebellar system beyond simply modulating single cell firing probability. Indeed, one of the characteristics of the olivocerebellar system is its ability to generate synchronous complex spike activity across populations of Purkinje cells. The pattern of synchronous activity changes rapidly, and is thought to reflect the momentary distribution of effective electrotonic coupling between olivary neurons as shaped by afferent input to the inferior olive. However, it also possible that synchronous olivocerebellar activity is the result of synchrony inherent in the afferent activity itself. The issue of the origin of complex spike synchrony, and the role of glutamatergic olivary afferents in modulating its distribution were recently studied using multiple electrode recordings from Purkinje cells. The results of these studies, reviewed here, demonstrate that synchronous complex spike activity occurs in the absence of glutamatergic (and GABAergic) input to the inferior olive, and therefore indicate that synchronization of complex spike activity primarily results from the electrotonic coupling of olivary neurons, rather than from synchronization present within their afferents. Instead of triggering synchronous discharges directly, the results suggest that the function of tonic excitatory activity is to modulate the effective coupling of spike activity between olivary neurons. Blocking glutamate within the inferior olive causes an enhancement of the normal banding pattern of complex spike synchrony, with higher synchrony among parasagittally aligned Purkinje cells and less synchrony between non-aligned cells. This is in contrast to the more uniform synchrony distribution that follows block of GABAergic olivary afferents. Thus, GABA and glutamate play critical, and complementary, roles in determining the patterns of synchronous complex spike activity that are likely central to the functioning of the olivocerebellar system.